Background
a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
High rates of malnutrition in dialysis patients have been reported [1] [2] [3] . Protein energy wasting (PEW) is the state of decreased body stores of protein and fat mass, and is often associated with mortality, comorbid conditions, and reduced activities of daily living [4] . To improve their prognosis, early identification of patients with PEW and interventional treatments for their nutritional conditions are necessary [5] .
The International Society of Renal Nutrition and Metabolism proposed the criteria for PEW [4] . The criteria include a serum albumin level of less than 3.8g/dL and a serum cholesterol level of less than 100mg/dL. According to the Annual Dialysis Data Report 2014 of the Japanese Society for Dialysis Therapy (JSDT) Renal Data Registry (JRDR), which is a nationwide renal data registry and contains data of all dialysis patients (n = 358775) in Japan, the mean serum albumin and cholesterol levels in dialysis patients were 3.60±0.44g/dL and 154.7 ±35.3mg/dL, respectively [6] . Assuming that these nutritional factors show normal distributions, it can be estimated that 67.5% of the patients had serum albumin levels of less than 3.8g/ dL and 6.1% had serum cholesterol levels of less than 100mg/dL. The difference in the distribution of the patients between the two criteria suggests that the patients may be differently diagnosed as having PEW on the basis of each criterion. Therefore, reference values of the criteria for PEW diagnosis of hemodialysis patients are required.
For the early identification and treatment for patients with malnutrition, multiple evaluation of their nutritional condition by various nutritional assessments including anthropometric, biochemical/biophysical, clinical, and dietary methods are needed. However, it is very difficult to evaluate nutritional conditions of all hemodialysis patients using these methods. At clinical settings, high-risk patients are screened first, then their nutritional conditions are thoroughly evaluated, and finally, malnutrition is diagnosed. Therefore, the aims of this study were to develop a nutritional risk index for hemodialysis patients (NRI) for screening hemodialysis patients with high risk of death on the basis of the concept of PEW using JRDR data, and to evaluate the prognosis of these patients. (1) After the identification of the main risk factors for one-year death using JRDR data of hemodialysis patients, a new risk index was developed. (2) The accuracy of the index to predict death was also evaluated.
Materials and methods

Dataset
This is a prospective cohort study of maintenance hemodialysis patients using JRDR data. JSDT has been conducting annual surveys of dialysis facilities in Japan since 1968. The JRDR data from 2008 to 2009 were used in this study. This study was approved by the ethics committee of JSDT and was exempt from the need to obtain informed consent from participants (JSDT No. 6). The data were analyzed anonymously. The study was performed in accordance with the relevant guidelines and the Declaration of Helsinki of 1975 as revised in 1983.
The subjects of this study were the 275553 patients (Fig 1) .
The sample size was evaluated by alpha error and power. The exclusion criteria were as follows: patients younger than twenty years; patients on hemodiafiltration, hemofiltration, or peritoneal dialysis; patients with missing values or outlier values of laboratory data; patients who had a limb amputated; and patients with a hemodialysis vintage of less than one year. Thus, 96698 subjects were included in the analysis. The included subjects were randomly classified into two groups to obtain (1) a dataset for the development of NRI (development dataset, 48349) and (2) a dataset for validation of NRI (validation dataset, 48349). The sample size was evaluated to maximize statistical power.
The baseline data were as follows: gender; age; history of cardiovascular disease (CVD); diabetes mellitus (DM) as a cause of end stage renal disease (ESRD); vintage; body mass index (BMI); serum albumin, total cholesterol, creatinine, phosphorus, and C reactive protein (CRP) levels; hemoglobin level; normalized protein catabolic rate (nPCR) and Kt/V. The laboratory data were measured before hemodialysis, and BMI was measured on the basis of weight measured after hemodialysis. The outcome was death including all-cause death and CVD-and infection-caused deaths within one year.
Statistical analyses
Normally distributed variables are presented as mean±standard deviation; otherwise, the median and interquartile ranges are presented. Highly skewed variables were transformed New nutritional risk index for hemodialysis patients with the natural logarithm function prior to use in models [ln(vintage), ln(CRP)]. Intergroup comparisons of parameters were performed using the chi-square test, t-test, and Mann-Whitney U test as appropriate after F-test of equality of variances between the groups. Subjects were categorized on the basis of age (young, less than 65 years; old, 65 years or older) and on the basis of CRP (absence of inflammation, less than 1.0mg/dL; presence of inflammation, 1.0mg/ dL or higher).
Step 1: (1) In the development dataset, cutoff levels of BMI; serum albumin, total cholesterol, and creatinine levels; and nPCR were determined. To control confounders, multivariate models were examined following analysis. A multivariate Cox proportional hazards model was used to evaluate the relationships between risks of all-cause death and the nutritional factors, namely, serum albumin, total cholesterol, and creatinine levels; BMI; and nPCR, using the splines of these nutritional factors. This multivariate Cox proportional hazards model was adjusted for baseline characteristics such as gender, age, CVD, DM, ln(vintage), serum phosphorus level, ln(CRP), hemoglobin level, and KT/V. If the relationship between the nutritional factors and the risks of all-cause death were not linear, the cutoff level was determined on the basis of the relationship. If the relationship was linear, the cutoff level was determined on the basis of the area under a receiver operating characteristic (ROC) curve (AUC) for the prediction of all-cause death with Youden index and baseline characteristics such as age, gender, and DM. Then, the nutritional factors were categorized into two or three groups on the basis of the cutoff levels, and scored from 0 to 1 or 2. (2) To develop a risk scoring model, a Cox proportional hazards model was constructed including the categorical nutritional factors and baseline characteristics. A weighted score proportional to the smallest parameter estimate of the nutritional factor was assigned to each nutritional index, which was rounded to the nearest integer. For each subject, the risk score was calculated using the risk scoring model as the sum of the points. (3) On the basis of categorical criteria for the risk scoring model, the subjects were divided into three risk groups using Kaplan-Meier survival curves (low-, medium-and highrisk groups). Then, the survival curves of the risk groups were evaluated on the basis of Kaplan-Meier survival curves. Cox proportional hazards models adjusted for the baseline characteristics were used to compare the risk of an outcome between the risk groups. The results are presented here as hazard ratios (HRs) with 95% confidence interval (CI).
Step 2: Risk score was calculated for each subject using the validation dataset. On the basis of the categorical criteria for the risk score, subjects were divided into three risk groups. Subjects' survival curves were evaluated by Kaplan-Meier analysis. The risk of the outcome was compared between the risk groups using Cox proportional hazards models adjusted for baseline characteristics. In the analysis of competing risks of cause-specific death, Fine and Gray competing risk regression models adjusted for the baseline characteristics were also examined. Then, subgroup analysis on the basis of age, gender, DM and inflammation, was carried out to evaluate the relationships between the risks of all-cause death and the risk groups using adjusted Cox proportional hazards models. These analyses were conducted using SAS version 9.4 (SAS, Inc., NC, USA) and R version 3.4.1 (R project for Statistical Computing, Vienna, Austria). Statistical significance was defined as p < 0.05.
Results
Cutoff levels of nutritional indices
The baseline characteristics including biochemical data are shown in Table 1 . The decrease in serum albumin level was associated with an increase in the risk of allcause death (Fig 2A) . The cutoff serum albumin level for all subjects was 3.6g/dL ( Table 2 ).
The cutoff serum albumin level of the young group differed from that of the old group. The cutoff serum albumin levels for the risk score were determined as 3.7g/dL for the young group, and 3.5g/dL for the old group. The number of subjects with a serum albumin level of less than 3.7g/dL in the young group was 5625 (25.8%), and the subjects with a serum albumin level of less than 3.5g/dL in the old group was 7529 (28.3%). The subjects with serum albumin levels of less than 3.8 and 4.0g/dL were 24234 (50.1%) and 35109 (72.6%), respectively.
The relationship between serum total cholesterol level and a risk of all-cause death shows a U-shaped curve (Fig 2B) . Low risk was observed in the subjects with serum creatinine levels between 130 and 220mg/dL, and the decrease and increase in serum total cholesterol level were associated with an increase in the risk. The number of subjects with a serum total cholesterol level of less than 130mg/dL was 12150 (25.1%), that with 220mg/dL or more was 1951 (4.0%), and that with less than 100mg/dL was 1859 (3.8%). The decrease in serum creatinine level was associated with an increase in the risk (Fig 2C) . The cutoff serum creatinine level differed between the subgroups (Table 3) .
The cutoff levels for the risk score were as follows: the female and young group were 9.7mg/ dL (2463, 31.2%); the female and old group, 8.0mg/dL (3574, 33.4%); the male and young group, 11.6mg/dL (4515, 32.5%); the male and old group, 9.7mg/dL (6282, 39.4%).
Regarding, the relationship between BMI and a risk of all-cause death shows that the decrease in BMI was associated with an increase in the risk (Fig 2D) . There was no apparent difference in the cutoff BMI between the subgroups ( New nutritional risk index for hemodialysis patients NPCR was evaluated as an index of dietary protein intake. However, the relationship between nPCR and the risk of death was not shown clearly ( Fig 2E) . Therefore, nPCR was not included in the risk score.
Development and categorization of risk score
A Cox proportional hazards model was developed for the evaluation of the parameter estimates of the nutritional indices, and a score was given to each index (Table 5) .
Risk score ¼ low BMI þ low serum albumin level þ abnormal serum total cholesterol level þ low serum creatinine level
Low BMI, yes = 3, no = 0; low serum albumin level, yes = 4, no = 0; abnormal serum total cholesterol level, low = 1, high = 2, no = 0; low serum creatinine level, yes = 4, no = 0.
The Kaplan-Meier survival curves showed a significant difference in the survival probability of the subjects determined on the basis of risk score (log-rank test p = 0.0001). The subjects New nutritional risk index for hemodialysis patients were categorized into three groups on the basis of the risk score: low-risk group, risk score = 0 to 7; medium-risk group, score = 8 to 10; high-risk group, score = 11 and higher. The KaplanMeier survival curve showed the difference in the survival probability of the groups (log-rank test p = 0.0001; Fig 3A) . The medium-and high-risk groups showed higher risks of all-cause 
Validation of risk score and its categories
Using the validation dataset, we compared the baseline characteristics and the risk of death between the risk groups ( Table 6 ). Most of the subjects were categorized into the low-risk group. The baseline characteristics such as BMI; serum albumin, creatinine, total cholesterol, and phosphorus levels; hemoglobin level; and nPCR in the low-risk group tended to be higher than in the high-risk group. Age, CVD, DM as a cause of ESRD, and Kt/V were lower in the low-risk group than in the other groups. The risk of all-cause death in the high-risk group was higher than those in the other groups. The similar trends were observed in the risks of CVD-and infection-caused deaths.
The Kaplan-Meier survival curves for all-cause, CVD-caused, and infection-caused deaths showed a higher survival probability in the high-risk group than in the other groups (Fig 3B) .
Cox proportional hazards models showed that the risks of all-cause, CVD-caused, and infection-caused deaths in the medium-and high-risk groups were higher than those in the low risk group (Table 7) . New nutritional risk index for hemodialysis patients
The competing risk regression models also showed that the risks of CVD-and infectioncaused deaths in the medium-and high-risk groups were higher than those in the low-risk group (Tables 8 and 9 ).
Moreover, in the subgroups based on age, gender, DM, and inflammation, the risks of allcause death in the medium-and high-risk groups were higher than those in the low-risk group (Tables 10-13 ). Values are HRs with 95% CIs of medium-and high-risk groups compared with the low-risk group.
Abbreviations: CVD, cardiovascular disease; aHR, adjusted hazard ratio; CI, confidence interval.
https://doi.org/10.1371/journal.pone.0214524.t008 Values are HRs with 95% CIs of medium-and high-risk groups compared with the low-risk group.
Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval.
https://doi.org/10.1371/journal.pone.0214524.t009 Values are HRs with 95% CIs of medium-and high-risk groups compared with the low-risk group.
Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; Young, less than 65 years; Old, 65 years or older.
https://doi.org/10.1371/journal.pone.0214524.t010
Discussion
In this study, using large-scale cohort data, NRI was developed after identifying the main risk factors for one-year death, and with this risk score, the hemodialysis patients' prognosis can be evaluated precisely. NRI included four nutritional factors in the criteria for PEW diagnosis [4] . To develop a risk index, a gold-standard outcome is necessary. In this study, one-year all-cause death, which is a hard outcome, was adopted as the gold-standard outcome. NRI showed a high accuracy in identifying high-risk patients. The prevalence of PEW in this study was 18.7%, which was consistent with those in previous studies [1] [2] [3] 7] . NRI may be useful for screening patients at increased risk of death due to malnutrition. There have been various studies of the risk index for death on hemodialysis patients [8] [9] [10] . However, there has been no risk index for death developed on the basis from the data of nationwide large-scale Asian hemodialysis patients such as NRI. NRI is a new composite index of nutritional factors and represents complex nutritional conditions in hemodialysis patients. It has been reported that a composite index is more useful for identifying high-risk patients than a single index [8] . Moreover, evaluation of diverse nutritional conditions has been recommended [4] . Because NRI is composed of nutritional factors that are commonly measured in clinical settings, NRI would be useful for identifying high-risk patients for early treatment of their malnutrition. The prevalence of PEW is higher in elderly dialysis patients than in younger patients [11, 12] . The serum albumin level in the elderly patients is lower than that in young patients [13] . Loss of appetite, dialysis-induced loss of serum albumin, comorbid conditions, and enhanced protein degradation are observed with aging and suggested to be the causes of hypoalbuminemia [14, 15] . This study showed that the cutoff serum albumin level was lower in the old group than in the young group. This suggests that hypoalbuminemia is a risk factor for death and the therapeutic target serum albumin level differs depending on age.
Reverse epidemiology has been reported as a specific pathological characteristics of hemodialysis patients [16] . A cohort study of Japanese hemodialysis patients showed that hypocholesterolemia is an independent predictor of death in hemodialysis patients [17] . In our study, the relationship between serum cholesterol level and the risk of death showed a U-shaped curve. This finding is similar to that of the cohort study, which also showed that low and high serum cholesterol levels are risk factors for death and that the main causes of death in hemodialysis patients with low and high serum cholesterol levels were infection and CVD, respectively [17] . In this study, two cutoff serum cholesterol levels were adopted in NRI, which may make NRI useful for predicting hemodialysis patients' prognosis.
A U-shaped relationship between BMI and the risk of death has been reported, which is affected by hemodialysis patients' characteristics such as age, inflammation, and comorbid conditions [18, 19] . In this study, the relationship was not U-shaped, which suggests that low BMI is a risk factor for death. Most of the subjects (74.2%) had BMIs lower than 23.0kg/m Muscle mass is listed as a criterion for PEW [4] . However, muscle mass is not usually measured in Japanese dialysis facilities. In the paper on ISRNM's PEW criteria, serum creatinine level measured before a hemodialysis treatment in maintenance hemodialysis patients was cited as an indirect measure of muscle mass [4] . Thus, in this study, serum creatinine level was measured as an alternative index of muscle mass. The distribution of muscle mass differs according to age and gender in dialysis patients [20] . Considering this finding, in this study, the cutoff serum creatinine level was determined according to age and gender. nPCR has been used as an index of dietary protein intake in hemodialysis patients. In this study, no clear relationship between nPCR and risk of death was observed. The reasons for this finding might be as follows: nPCR is calculated from Kt/V and average BUN level, which shows some errors depending on Kt/V [21] . Moreover, nPCR is affected by residual renal function [22] .
For the prevention and early detection of malnutrition, the nutritional status of patients should be monitored regularly, because early diagnosis and correction of malnutrition prevent clinical exacerbation [23] . NRI is useful for screening patients at risk of death with malnutrition. After the screening, detailed nutritional examinations are required in the patients identified to be at high risk of malnutrition. When malnutrition is diagnosed after ruling out or treating complications such as CVDs, inflammation, and cancers, nutrient intake should be improved by diet, oral supplements, and parenteral nutrition.
This study has several limitations. First, because of the observational nature of this study, the results may be biased by unmeasured confounders. Second, we did not examine the patients with missing data in this study, which might have caused selection bias. Third, the JRDR data did not include sufficient nutritional data on assessing malnutrition, comorbid conditions, and medications. Thus, we were unable to evaluate the effects of the differences in nutritional factors and medications such as statin on the risk of death. Further studies are needed to evaluate the relationship between these factors and NRI. Fourth, the differences in the baseline characteristics were observed between the risk groups. This might affect the relationship between the risk groups and the risk of death. However, considering the effects of baseline characteristics on the risk score, the cutoff levels were determined using multivariate Cox proportional hazards models adjusted for the baseline characteristics and ROC curves stratified by the baseline characteristics. The effects of the differences in the baseline characteristics were minimized.
Conclusions
This study showed that the cutoff levels for hemodialysis patients were different from those in the criteria for PEW. NRI detects patients with malnutrition with a high-risk of death.
